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BIRTH DEFECT RISK FACTOR SERIES:
47,XXX

DESCRIPTION
Triple X syndrome was first described in 1959 (Jacobs et al., 1959).  Triple X syndrome is a sex chromosomal abnormality
that typically involves the presence of three X chromosomes, the resulting karyotype being 47,XXX.  Mosaicism may occur
where some cells in the body have triple X syndrome and other cells in the body have a different chromosome complement,
with the most common karyotype being 47,XXX/46,XX.

Etiology
Triple X syndrome results from nondisjunction, usually in formation of the eggs or sperm, where one gamete ends with an
extra X chromosome.  Fertilization of an X egg by an XX sperm or an XX egg by an X sperm would result in a conceptus with
triple X syndrome.

Approximately 90% of triple X syndrome cases are of maternal origin and 10% of paternal origin.  Of the triple X syndrome
cases of maternal origin, 70% result from nondisjunction in meiosis I (MI) (Jacobs and Hassold, 1995; MacDonald et al.,
1994; May et al., 1990). Triple X syndrome resulting from maternal nondisjunction in MI is associated with advanced maternal
age (MacDonald et al., 1994).

Phenotype
The clinical features of triple X syndrome are subtle and can be variable (Linden et al, 1996).  Triple X syndrome is often not
identified in infancy.  Minor birth defects associated with triple X syndrome include hypertelorism, wide spaced nipples,
brachycephaly, microcephaly (Buyse, 1990).  Triple X syndrome cases typically have tall stature by adolescence and normal
sexual development and puberty, are fertile, and have no or minor mental retardation but often have learning disabilities and
may have problems with motor coordination (Linden et al, 1996).

Individuals with mosaic triple X syndrome often have a milder phenotype (Linden et al, 1996; Robinson et al., 1992;
Salbenblatt et al., 1989).  Generally, individuals with prenatally diagnosed triple X syndrome have fewer developmental
problems than individuals with postnatally diagnosed triple X syndrome (Linden and Bender, 2002).

Prenatal diagnosis
Triple X syndrome may be prenatally diagnosed through cytogenetic analysis of cells obtained through such procedures as
amniocentesis and chorionic villus sampling.

Fetal sex chromosomal abnormalities (47,XXX, 47,XXY, and 47,XYY) have been associated with increased nuchal
translucency but normal maternal serum levels of free beta-human chorionic gonadotropin (hCG) and pregnancy-assisted
plasma protein-A (PAPP-A) in the first trimester (Spencer et al., 2000; Sebire et al., 1998).  However, first-trimester nuchal
translucency and maternal serum screening are not routinely performed in the United States.  One investigation found that
the proportion of triple X syndrome cases in a population at increased risk of Down syndrome as a result of maternal serum
screening was not greater than expected for the general population (Ryall et al., 2001).  Moreover, fetuses with triple X
syndrome typically do not have an abnormal ultrasound.

Thus cases of triple X syndrome will most likely be diagnosed prenatally incidental to a cytogenetic analysis for other reasons
such as advanced maternal age.
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PREVALENCE AND PREGNANCY OUTCOME
The prevalence of triple X syndrome has been reported to be 7.4-15.6/10,000 female births or 3.6-7.5/10,000 births (Table 1). 
Triple X syndrome has been reported in 6.5/10,000 amniocenteses (Horger et al., 2001).

The fetal death rate of triple X syndrome is not notably higher than that for conceptuses with normal chromosomes. It has
been estimated that triple X syndrome occurs among 0.05% of clinically recognized pregnancies and that 94.4% of these
conceptuses that are not electively terminated result in live births (Hassold and Jacobs, 1984).

Some triple X syndrome fetuses will be electively terminated when diagnosed prenatally (Table 2).  Elective termination rates
vary by study. Differences in termination rates between studies may reflect differences in time periods of the studies or
differences in access to and/or use of prenatal diagnosis and elective termination.  Termination rates for 47,XXX/46,XX are
lower than for 47,XXX (Meschede et al., 1998).

Mortality/survival
One investigation reported that the infant mortality rate associated with all sex chromosome abnormalities increased during
1985-1997 (Lee et al., 2001).

Birth weight
One study reported the birth weight of triple X syndrome infants to be lower than the birth weight for controls (Jacobs et al.,
1974).

Table 1. Prevalence per 10,000 births of 47,XXX

Reference Location Time period Rate

Nielsen and Wohlert, 1991 Denmark 1969-1988 5.2, 10.6*

Hansteen et al., 1982 Norway 1978-1979 0.0

Buckton et al., 1980 Scotland 1976-1977 7.5, 15.6*

Hamerton et al., 1975 Canada 1970-1972 3.6, 7.4*

Jacobs et al., 1974 Scotland 1967-1972 4.3, 13.1*

Friedrich and Nielsen, 1973 Denmark 1969-1971 5.9, 12.3*
*rate per female births only

Table 2. Termination rates (%) of prenatally diagnosed triple X syndrome cases

Reference termination rate (%)

Chaabouni et al., 2001 25

Horger et al., 2001 0

Sagi et al, 2001 67

Christian et al, 2000 65

Perrotin et al, 2000 33

Meschede et al, 1998 17

Verp et al, 1988 29

Verp et al, 1988 (review) 56

Holmes-Siedle et al, 1987 38

Holmes-Siedle et al, 1987 (review) 64

Nielsen and Videbec, 1984 66
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DEMOGRAPHIC AND REPRODUCTIVE FACTORS
Sex
By definition, triple X syndrome occurs exclusively among females.  However, cases of 47,XXX males have been reported
(Scherer et al., 1989).

Parental age:
Increased risk of triple X syndrome is associated with advanced maternal age (Holmes-Siedle et al., 1987; Ferguson-Smith
and Yates, 1984; Carothers et al., 1974).

Diabetes
One investigation reported a higher rate of triple X syndrome with maternal gestational diabetes (Moore et al., 2002).

Assisted Reproductive Technology (ART)
Triple X syndrome have been reported among infants conceived by intracytoplasmic sperm injection (ICSI) (Aboulghar et al.,
2001).

Folate metabolism enzymes
No association has been reported between 47,XXY and 47,XXX cases combined and alleles for the folate metabolism
enzymes methylenetetrahydrofolate reductase (MTHFR) and methionine synthase reductase (MTRR) (Hassold et al., 2001).
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Please Note: The primary purpose of this report is to provide background necessary for conducting cluster investigations.  It summarizes literature about
risk factors associated with this defect.  The strengths and limitations of each reference were not critically examined prior to inclusion in this report. 
Consumers and professionals using this information are advised to consult the references given for more in-depth information. 

This report is for information purposes only and is not intended to diagnose, cure, mitigate, treat, or prevent disease or other conditions and is not intended
to provide a determination or assessment of the state of health.  Individuals affected by this condition should consult their physician and when appropriate,
seek genetic counseling.


